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Bacterial nanowires offer a pathway for extracellular electron transfer (EET) by
linking the respiratory chain of bacteria to external surfaces, including oxidized
metals in the environment and engineered electrodes in renewable energy de-
vices. Specifically, nanowires of the model metal-reducing bacterium Shewa-
nella oneidensis MR-1 were previously shown to be conductive under
non-physiological conditions. Despite the global, environmental, and techno-
logical consequences of bacterial nanowire-mediated EET, the composition,
electron transport mechanism, and physiological relevance of these appendages
remain unclear. The nanowires of S. oneidensisMR-1 were previously thought,
but never shown, to be bacterial pili. In addition, the transport mechanism
through bacterial nanowires has been the subject of intense debate, with
‘‘metallic-like’’ band transport and multistep redox hopping between multi-
heme cytochromes as the two proposed mechanisms. Here we report the first
in vivo observations of the formation and respiratory impact of nanowires in
S. oneidensis MR-1. Using live fluorescence measurements and quantitative
gene expression analysis, we demonstrate that S. oneidensis MR-1 nanowires
are extensions of the outer membrane and periplasm, rather than pilin-based
structures. We show, through immunolabeling, that multiheme cytochromes
localize to nanowires, in turn supporting the multistep redox hopping model
as the transport mechanism. Furthermore, these bacterial nanowires are associ-
ated with outer membrane vesicles, structures ubiquitous in Gram-negative
bacteria, and occasionally appear as membrane vesicle chains that transition
to smoother filaments. Redox-functionalized membrane and vesicular exten-
sions may represent a general microbial strategy for electron transport and en-
ergy distribution.
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Oligomerization plays a critical role in shaping the light-harvesting properties
of many photosynthetic pigment-protein complexes (PPCs) in vivo, but a
detailed understanding of this process at the level of individual pigments is still
lacking. Here, aiming to study the effects of oligomerization in vitro, we de-
signed a single-molecule approach to probe the emissive properties of individ-
ual pigment sites as a function of a PPC’s different oligomerization states. Our
method, based on the principles of anti-Brownian electrokinetic trapping of sin-
gle fluorescent molecules, step-wise photobleaching, and multi-parameter fluo-
rescence spectroscopy, allowed pigment-specific spectroscopic information on
single PPCs to be recorded in a non-perturbative aqueous environment with un-
precedented detail.
In particular, we focused on the monomer-to-trimer transformation of allophy-
cocyanin (APC), which is the core antenna complex of cyanobacteria and red
algae. At the monomer level, we found that the two phycocyanobilin (PCB)
pigments (a and b) show similar but non-degenerate emission properties
with asymmetric FRET. Interestingly, b acts as an emissive trap that quenches
the emission from a on an intact monomer and can continue to act as a non-
radiative trap for a after photo-damage. In the assembled trimers, two sets of
emissive properties, one resembling the b site on the monomer and the other
significantly red-shifted from either of the two sites on the monomer, were re-
vealed at the single-pigment level. These observations suggest that the batho-
chromatic shift that accompanies trimer assembly of APC is localized on the
a pigment site, which, in the pre-assembled (monomeric) state of the protein,
is shielded and protected by the b pigment.1847-Plat
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Current methodologies used for mitochondrial motility analysis tend to over-
look either individual mitochondrial tracks or a cell-wide measure of motility.
Furthermore, motility analysis of individual mitochondria is usually quantified
by establishing an arbitrary threshold for ‘‘directed’’ motion. In this work, we
created a custom, publicly available computational algorithm based on a previ-
ously published approach (Giedt et al, 2012) in order to characterize the distri-
bution of mitochondrial movements at the whole-cell level, while still
preserving information about individual mitochondria. The technique is easy
to use, robust and computationally inexpensive. Images are first pre-
processed for increased resolution, and then each mitochondrion is tracked
based on object connectivity in space and time.
When our method is applied to entire cells, we reveal that the mitochondrial
net distances in fibroblasts follow a continuous lognormal distribution
within a given cell or group of cells. This is in contrast to discrete cate-
gories used by others to bin mitochondria as either static or motile. Most
mitochondria exhibit negligible movement, with the distribution center cor-
responding to a net distance of 132.3 nm. A few select mitochondria
achieve net distances of several microns. The ability to model whole-cell
mitochondrial motility as a lognormal distribution provides a new quantita-
tive paradigm by which to compare mitochondrial motility in naı¨ve and
treated cells. We further demonstrate that microtubule and microfilament
depolymerization shift the lognormal distribution in directions which indi-
cate decreased and increased mitochondrial movement, respectively. This
shift occurs with distances of all magnitudes, even seemingly negligible
ones. Our findings advance earlier work on neuronal axons (Morris and Hol-
lenbeck, 1993) by relating them to a different cell type, applying them on a
global scale, and automating measurement of mitochondrial motility in
general.
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CLIC proteins have six different paralogs in mammals (CLIC1-6) and exist
in both soluble and integral membrane forms. Preconditioning rabbit ventri-
culocytes with IAA-94, an inhibitor of CLICs, before ischemia, increased
myocardial infarction implicating CLICs role in cardioprotection. However,
the molecular identity of cardiac CLIC, and the mechanism of CLIC-
mediated cardioprotection is unknown. In this study, we focused on estab-
lishing the molecular identity, localization and functional role of CLICs in
cardiac tissue of R. novergicus. Relative qPCR analyses indicate CLIC4,
CLIC5 and CLIC1 as the most abundant CLICs present in the ventricle.
CLIC4 (5050.1%) and CLIC5 (7553%) localize to the mitochondria of
adult cardiomyocytes (n¼3). Cardiac CLIC4 and CLIC5 are present in
4052% and 7453% of Percoll-purified mitochondria (n¼3), respectively.
Also, the only CLIC present in D. melanogaster showed mitochondrial
localization in cardiac tubes. Further, IAA-94 partially blocked the channel
activity of Percoll-purified mitochondrial membrane proteins reconstituted in
a planar lipid bilayer. We also investigated the role of CLICs in modulation
of ROS production by ETC. In the presence of succinate (complex II/III)
and glutamate/malate (complex I), addition of 100 mM IAA-94 resulted in
a robust release of ROS from mitochondria. The EC50 was found to be
16.5 þ: 0.15 mM (n¼3) for succinate. Initial fast release was followed
by a significant reduction (82.553% n¼3, p<0.05) in rate of ROS produc-
tion. The ROS release is specific to chloride conductance inhibition, as it
also occurs with DIDS (ClC blocker). Blocking mPTP by cyclosporine A
did not alter ROS release generated by CLIC inhibition indicating it is in-
dependent of mPTP (n¼3). In conclusion, we have deciphered the molecular
identity of a cardiac CLIC, established its mitochondrial localization and a
role of Chloride conductance in modulation of mitochondrial ROS
generation.
